
J )  

Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0   0 6 7   1 1 4  

Office  europeen  des  brevets  B  1 

®  EUROPEAN  PATENT  SPECIFICATION 

(§)  Date  of  publication  of  patent  specification:  04.05.88  (g)  int.CI.4:  H  02  K  17/08,  H  02  K  17 /16  

®  Application  number:  82630060.0 

(8)  Date  of  filing:  04.06.82 

(M)  Half-pitch  capacitor  induction  motor. 

(§)  Priority:  08.06.81  US  271667  (73)  Proprietor:  Morril,  Wayne  J. 
3448  South  Washington  Road 
Fort  Wayne  Indiana  46804  (US) 

@  Date  of  publication  of  application: 
15.12.82  Bulletin  82/50 

®  Inventor:  Morril,  Wayne  J. 
3448  South  Washington  Road 

(§)  Publication  of  the  grant  of  the  patent:  Fort  Wayne  Indiana  46804  (US) 
04.05.88  Bulletin  88/18 

(74)  Representative:  Waxweiler,  Jean  et  al 
(fi)  Designated  Contracting  States:  OFFICE  DENNEMEYER  S.a.r.l.  P.O.  Box  1502 

CH  DE  FR  GB  IT  Li  NL  L-1015  Luxembourg  (LU) 

(§)  References  cited: 
DE-A-2  641  706 
DE-C-744391 
FR-A-1454624 
GB-A-602409 
US-A-2  037  532 
US-A-3  030  535 
US-A-3555  382 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



3  067  1 1 4  

Description 

This  invention  relates  generally  to  a  single 
Dhase  permanent-split  capacitor  induction  motor 
n  accordance  with  the  preamble  of  claim  1. 

Inexpensive  shaded  pole  motors  have  been 
Dredominant  in  the  field  of  very  small  induction 
notors,  particularly  for  air  moving  applications, 
lowever,  shaded  pole  motors  have  a  lagging 
Dower  factor  and  relatively  high  power  consump- 
tion,  i.e.,  are  relatively  inefficient.  There  is  there- 
fore  a  need  for  a  very  small,  inexpensive  induc- 
tion  motor  having  a  higher  power  factor  and 
much  lower  power  consumption,  i.e.,  higher  effi- 
ciency  than  the  shaded  pole  motor. 

The  permanent-split  capacitor  induction  motor 
provides  high  power  factor  operation  and  is  more 
efficient  than  a  shaded  pole  motor.  The  per- 
manent-split  capacitor  induction  motor  is  an 
unbalanced  two  phase  motor  and  in  an  article 
entitled  "The  Revolving  Field  Theory  of  the 
Capacitor  Motor",  AIEE  Transactions,  Volume  48, 
April,  1929,  pages  614—632,  the  theory  of  the 
split-phase  motor  and  general  equations  for  the 
unbalanced  two-phase  motor,  as  applied  to  the 
capacitor  motor,  is  presented.  Conventional 
capacitor  induction  motors  in  the  larger  frame 
sizes  commonly  employ  distributed  field  wind- 
ings  with  each  main  and  auxiliary  field  winding 
pole  comprising  a  plurality  of  concentric  coils, 
each  successively  larger  coil  embracing  a  greater 
number  of  statorcore  member  teeth  and  with  the 
span  of  the  largest  coil  approaching  full  pitch,  i.e., 
the  angular  extent  of  one  pole  ninety  (90) 
mechanical  degrees  in  the  case  of  a  four  pole 
motor.  With  this  distributed  winding  arrange- 
ment,  the  coils  of  each  auxiliary  field  winding  pole 
necessarily  overlap  the  coils  of  adjacent  main 
field  winding  poles  and  the  larger  span  coils  of 
adjacent  main  and  auxiliary  field  winding  poles 
occupy  the  same  stator  core  slots.  This  distri- 
buted  field  winding  arrangement  approaching  full 
pitch  reduces  the  problem  of  space  harmonics  in 
the  air  gap  flux  which  produce  troublesome  dips 
in  the  speed-torque  characteristic  of  the  motor; 
an  unbalanced  two  phase  motor  has  torque  dips 
corresponding  to  all  the  odd  space  harmonics  of 
the  windings.  The  phenomenon  of  harmonics  in 
the  air-gap  flux  is  well  known  and  is  discussed,  for 
example,  in  the  text  entitled,  "Alternating-Cur- 
rent-Machines"  by  A.  F.  Puchstein  and  T.  C.  Lloyd, 
John  Wiley  &  Sons,  Inc.,  1936,  pages  248—252. 

It  is  desirable  to  provide  a  very  small  induction 
motor  which  will  provide  maximum  unattended 
life,  very  quiet  operation,  low  as  possible  manu- 
facturing  cost,  minimal  probability  of  accidental 
electrical  failure  and,  equally  importantly,  the 
least  possible  power  consumption,  i.e.  highest 
possible  efficiency.  The  permanent  split  capacitor 
motor  potentially  meets  all  of  these  objectives, 
however,  the  distributed  winding  used  in 
capacitor  induction  motors  in  the  larger  frame 
sizes  does  not  left  itself  to  use  in  motors  in  the 
subfractional  horsepower  sizes.  It  is  essential  for 
low  manufacturing  cost  that  the  field  windings  of 

a  motor  be  capable  of  being  wound  automatically 
and  very  compactly.  Further,  in  the  particular  case 
of  very  small  motors,  it  is  desirable  that  the  as- 
wound  coils  may  be  snug  and  free  from  stray 

5  wires,  require  neither  forming  nor  lacing  of  the 
end  turns  after  winding,  and  that  there  be  mini- 
mal  or  no  contact  between  the  windings  of  the 
two  phases  either  in  the  slots  or  in  the  end  turns. 

The  laws  of  similitude,  which  govern  how  the 
10  proportions  of  each  feature  of  any  device  vary  as 

its  size  varies,  dictate  that  as  the  size  "L"  of  any 
significant  dimensions  of  the  device  varies,  the 
relative  proportions  of  the  components  of  the 
device  must  vary  if  the  best  design  of  the  device  is 

15  to  persist  for  all  sizes.  In  a  small  motor,  the  laws  of 
similitude  dictate  that  as  a  motor  becomes 
smaller,  the  number  of  turns  in  the  winding 
increase  approximately  as  (1/L)2.  In  a  pro- 
portionately  dimensioned  motor,  the  area  of  a 

20  winding  slot  is  proportional  to  L2  and  thus,  the 
cross-sectional  area  of  a  single  winding  wire  must 
vary  substantially  as  L4.  It  is  thus  seen  that 
winding  the  stator  not  only  becomes  more  time 
consuming  as  "L"  becomes  smaller  but  also,  the 

25  very  small  wire  becomes  more  difficult  to  handle. 
With  the  wire  area  decreasing  as  L4  and  the 
number  of  turns  increasing  as  (1/L)2,  the 
resistance  of  the  winding  increases  as  (1/L)6  and  it 
thus  becomes  important  to  provide  a  very  short 

30  mean  length  turn  on  each  winding  coil.  Further, 
as  a  motor  is  made  smaller,  leakage  reactance, 
which  is  the  prime  limitation  on  output  in  large 
induction  motors,  becomes  less  important,  and 
magnetizing  current,  which  is  of  little  importance 

35  in  large  induction  motors,  becomes  very  impor- 
tant. 

The  foregoing  discussion  suggests  a  balanced 
capacitor  induction  motor  having  the  windings  of 
its  two  phases  both  wound  half-pitch  with  each 

40  coil  embracing  one  only  stator  tooth  of  a  two 
tooth  per  pole  stator,  the  motor  also  having  a  very 
small  air  gap. 

A  half-pitch  winding  has  been  used  for  a 
"teaser"  induction  motor,  and  for  a  two-pole 

45  synchronous  capacitor  hysteresis  motor  used  for 
a  phonograph  turntable  drive.  The  teaser  motor 
was  a  balanced  two-phase  induction  motor  which 
obtained  its  quadrature  voltage  from  the  auxiliary 
winding  of  another  motor,  and  was  used  to 

so  operate  a  cooling  fan  in  conjunction  with  a 
hermetic  refrigeration  machine.  The  starting 
winding  of  the  relatively  large  compressor  motor 
was  used  to  provide  a  quadrature  voltage  so  that 
the  time  phase  of  the  excitation  of  the  teaser 

55  motor  was  truly  two-phase.  Then  by  unbalancing 
the  quadrature  phase  of  the  teaser  motor  by 
exactly  the  same  amount  as  the  compressor 
motor  starting  and  main  windings  were 
unbalanced  in  turns,  the  teaser  motor  was  sup- 

60  plied  with  balanced  two-phase  excitation  and  it 
operated  as  a  balanced  two-phase  motor.  How- 
ever,  it  was  necessary  to  match  the  teaser  motor 
to  a  particular  compressor  motor  design  and  if  a 
different  compressor  motor  design  was  used 

65  having  a  different  ratio  of  starting  winding  turns 
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to  main  winding  turns,  unbalanced  excitation  of 
the  teaser  motor  was  provided  resulting  in  unde- 
sirable  circulating  current  in  the  teaser  motor 
windings,  that  circulating  current  caused  the 
motor  to  be  very  inefficient  and  possible  bum  up. 

The  half-pitch,  two-pole  synchronous  capacitor 
hysteresis  motor  employed  a  non-slotted  chrome 
magnet  steel  rotor  and  it  was  found  that  it  had 
sufficient  synchronous  power  to  drive  a  phono- 
graph  turntable,  the  stator  winding  space  har- 
monics  apparently  being  insufficient  to  saturate 
the  rotor  and  produce  appreciable  objectionable 
negative  hysteresis  torques  at  full  speed.  In  the 
design  of  that  1/1000  HP  hysteresis  motor,  the 
yoke  of  the  rotor  was  saturated,  which  had  no 
winding,  and  the  third  harmonic  flux,  having  only 
one-ninth  as  much  flux  per  pole  as  the  fundamen- 
tal  flux,  was  unable  to  produce  enough  flux  ripple 
to  generate  appreciable  hysteresis  harmonic 
torques  and  consequently,  the  rotor  ran  without 
torque  dips. 

U.S.  Patent  4045698  discloses  the  advantage  of 
the  use  of  very  small  airgaps  in  very  small 
induction  motors. 

US—  A—  3030535  shows  a  half-pitch  motor 
wherein  alternate  stator  poles  are  wound  with  the 
main  winding  and  the  auxiliary  winding  and 
wherein  the  auxiliary  winding  is  connected  to  the 
terminal  through  a  capacitor  to  produce  a  phase 
displacement  between  the  main  winding  and 
auxiliary  winding.  However,  such  a  motor 
includes  a  dip  at  the  fifth  harmonic  in  the  speed- 
torque  curve,  which  may  tend  to  cause  the  motor 
to  partially  stall  at  that  speed  and  never  come  up 
to  full  speed.  The  invention  eliminates  the  fifth 
harmonic  torque  dip  by  providing  a  rotor  in  which 
the  rotor  bars  are  spiralled  through  two  pole 
pitches  of  the  fifth  harmonic  flux. 

So  far  a  half-pitch  winding  has  never  been  used 
for  a  permanent-split  capacitor  induction  motor,  it 
being  our  belief  and  perhaps  the  belief  of  other 
motor  engineers  that  the  space  harmonics  in  the 
air  gap  produced  in  a  balanced,  half-pitch  two- 
phase  motor  would  produce  harmonic  torque 
dips  in  the  speed  torque  characteristic  of  insur- 
mountable  proportions  and  negative  torque 
drags  at  operating  speeds  which  would  detract 
from  motor  output  and  reduce  operating  effi- 
ciency. 

A  full  pitch  or  half-pitch  winding  produces  an 
essentially  rectangular  flux  wave  shape  in  the  air 
gap.  It  is  well-known  that  a  rectangular  wave 
having  identical,  repetitive,  positive  and  negative 
lobes,  when  examined  for  its  harmonic  content, 
contains  all  possible  odd  harmonics  with  the 
amplitude  of  each  harmonic  being  proportional  to 
the  reciprocal  of  the  order  of  the  harmonic.  In  the 
case  of  a  two-phase  full  or  half-pitch  induction 
motor,  each  of  the  main  and  auxiliary  windings 
produces  flux  waves  having  the  whole  range  of 
harmonics,  all  of  which  adversely  affect  motor 
performance,  some  more  than  others.  It  has  been 
found  that  in  the  case  of  a  balanced  two-phase 
motor  in  which  the  windings  of  the  two  phases 
have  identical  ampere  turns  and  full  or  half-pitch 

distribution,  and  in  which  the  current  in  the  two 
phases  is  90°  time  displaced,  the  actual  flux 
harmonics  of  the  two  phases  are  identical  but  the 
combination  of  the  two  phases  results  in  rotation 

5  of  the  successive  odd  harmonic  flux  waves  in 
opposite  directions.  This  means  that  if  the  direc- 
tion  of  rotation  of  the  fundamental  flux  wave  is 
taken  as  positive,  i.e.,  in  the  forward  direction,  the 
third  harmonic  flux  wave  rotates  in  the  negative 

10  or  backward  direction,  the  fifth  harmonic  rotates 
in  a  forward  direction,  the  seventh  in  a  backward 
direction,  et  seq. 

By  experiment  the  pleasantly  surprising  result 
has  been  found  that  the  seventh  and  higher 

is  harmonics  in  subfractional  horsepower,  balanced 
half-pitch,  permanent  split  capacitor  motors  with 
no  interlacing  windings  do  not  seem  to  link 
effectively  with  a  squirrel  cage  winding  having  as 
few  as  five  and  one-half  rotor  bars  per  pole 

20  because  no  torque  dips  due  to  those  space  har- 
monics  are  discernible  in  the  speed-torque  curve. 
In  a  four-pole  motor,  the  fifth  space  harmonic 
does  produce  a  noticeable  torque  dip  at  about  600 
rpm  in  the  forward  direction  and  the  third  har- 

25  monic  produces  a  very  pronounced  dip  at  about 
400  rpm  in  the  backward  direction  (see  Fig.  4). 
Both  of  these  space  harmonics  also  produce 
positive  lobes  of  torque,  the  fifth  harmonic  lobe 
being  at  about  225  rpm  and  the  third  harmonic 

30  lobe  at  about  900  rpm,  since  the  third  harmonic 
dip  occurs  at  backward  speed,  i.e.,  in  the  reverse 
direction  of  rotation,  it  represents  no  hazard  in  a 
fan  motor  which  operates  only  in  a  forward 
direction. 

35  It  has  been  found  that  the  fifth  harmonic  torque 
dip  which  occurs  at  a  forward  speed  of  about  600 
rmp  can  be  eliminated,  or  substantially  reduced, 
by  spiraling  the  squirrel  cage  bars  through  two 
poles  of  the  fifth  harmonic  flux,  i.e.  one-tenth  of  a 

40  full  turn  or  36°  mechanically,  and  preferably 
insulating  the  rotor  bars  from  the  laminations.  So- 
spiraling  the  rotor  bars  results  in  substantial 
elimination  of  the  fifth  harmonic  of  the  flux  wave 
because  each  incremental  length  of  rotor  bar  has 

45  a  vector  fifth  harmonic  voltage  generated  therein, 
those  voltages  vectorially  adding  upto  zero  in 
360°  electrical. 

It  is  also  possible  to  eliminate,  or  substantially 
reduce,  the  fifth  harmonic  of  the  flux  wave  by 

so  using  a  twin  squirrel  cage  as  shown  and 
described  in  the  U.S.  Patent  No.  2,037,532,  and  as 
discussed  in  a  text,  A  Study  of  the  Induct/on 
Motor,  by  F.  T.  Chapman,  John  Wiley  &  Sons,  Inc., 
1930.  Use  of  two  squirrel  cages  each  having  20 

55  bars  in  the  case  of  a  four  pole  motor,  or  each 
having  30  bars  in  the  case  of  a  six  pole  motor,  will 
result  in  a  substantial  elimination  of  the  fifth 
harmonic.  The  bars  preferably  are  also  insulated 
when  using  the  twin  squirrel  cage  construction. 

so  The  balanced,  half-pitch  winding  for  a  per- 
manent-split  capacitor  motor  with  no  interlacing 
between  the  coils  of  the  two  phases  eliminates 
the  multiplicity  of  close  contact  pressure  points 
between  the  wires  of  the  two  phases  encountered 

65  with  conventional  distibuted  windings,  such 
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aressure  points  being  the  source  of  grounds  and 
shorts  between  the  two  windings.  Further,  the 
naif-pitch  winding  is  capable  of  being  wound  with 
3  conventional  gun  type  winding  machine,  the 
and  turns  of  the  completed  coils  do  not  require 
3ither  lacing  or  forming,  and  the  sides  of  adjacent 
:oils  are  spaced  from  each  other  for  good  air- 
nsulation  and  ventilation 

The  invention  resides  in  a  single-phase,  per- 
manent-split  capacitor  induction  motor  according 
to  the  preamble  of  claim  1  and  being  charac- 
terized  by  the  features  of  the  characterizing  part  of 
claim  1. 

Advantageous  embodiments  of  the  invention 
are  defined  in  the  sub-claims. 

The  above-mentioned  and  other  features  and 
objects  of  this  invention  and  the  manner  of 
attaining  them  will  become  more  apparent  and 
the  invention  itself  will  be  best  understood  by 
reference  to  the  following  description  of  an 
embodiment  of  the  invention  taken  in  conjunction 
with  the  accompanying  drawings,  wherein: 

Fig.  1  is  a  schematic  illustration  of  the  half-pitch 
capacitor  induction  motor  of  the  invention, 

Fig.  2  is  a  fragmentary  view  showing  fully 
wound  fields  coils  on  adjacent  stator  teeth, 

Fig.  3  is  a  cross-sectional  view  taken  along  the 
line  3—3  of  Fig.  2, 

Fig.  4  is  a  typical  speed-torque  curve  of  a  motor 
incorporating  the  invention,  and 

Fig.  5  is  a  side  view  of  a  squirrel  cage  rotor 
member  having  approximately  a  36°  spiral  for 
eliminating  the  fifth  harmonic  of  the  flux  wave. 

Referring  now  to  the  figures  of  the  drawings, 
the  balanced,  half-pitch,  permanent  split 
capacitor  induction  motor  of  the  invention, 
generally  indicated  at  10,  comprises  a  laminated 
stator  core  member  12  having  yoke  portion  14 
and  equally-angularly  spaced,  radially  inwardly 
extending  teeth  16  respectively  defining  winding 
slots  18  therebetween.  Teeth  16  have  inner  ends 
20  which  define  a  bore  for  receiving  laminated 
rotor  member  22  on  shaft  24.  Outer  periphery  26 
of  rotor  member  22  defines  radial  air  gaps  28  with 
inner  ends  20  of  stator  teeth  16  and  has  generally 
axially  extending  slots  30  formed  therein  for 
squirrel  cage  winding  32.  The  number  of  stator 
teeth  16  is  twice  the  number  of  poles  of  motor  10 
and  thus,  in  the  illustrated  embodiment  in  which 
motor  10  has  four  poles,  there  are  eight  stator 
teeth  16.  As  shown  in  Figs.  1  and  2,  inner  ends  20 
of  teeth  16  have  equal  angular  extent,  i.e.,  the 
pole  face  20  of  each  tooth  16  embraces  outer 
periphery  26  of  rotor  member  22  with  the  same 
span  as  every  other  tooth. 

A  main  field  winding  is  provided  comprising 
serially  connected  coils  34  embracing  consecutive 
alternate  teeth  16,  coils  34-1,  34-3,  34-5  and  34-7 
respectively  embracing  teeth  16-1,  16-3,  16-5  and 
16-7  in  the  illustrated  embodiment,  i.e.  there  are 
the  same  number  of  coils  34  as  the  number  of 
poles.  Main  field  winding  coils  34-1,  34-3,  34-5 
and  34-7  are  serially  connected  across  single 
phase  alternating  current  source  36,  such  as  e.g. 
120  volts,  60  Hertz. 

An  auxiliary  field  winding  is  provided  compris- 
ing  coils  38  respectively  embracing  consecutive 
alternate  teeth  16  intermediate  the  teeth  upon 
which  main  winding  coils  34  are  wound,  coil  38-2 

5  on  tooth  16-2,  38-4  on  tooth  16-4,  38-6  on  tooth 
16-6  and  38-8  on  tooth  16-8  in  the  illustrated 
embodiment.  Auxiliary  field  winding  coils  38-2, 
38-4,  38-6  and  38-8  are  serially  connected  with 
phase  shifting  capacitor  40  across  the  serially 

10  connected  main  field  winding  coils  34,  as  at  42.  In 
accordance  with  the  invention,  main  field  winding 
34  and  auxiliary  field  winding  38  have  sub- 
stantially  equal  ampere  turns  and  substantially 
equal  pitch. 

15  As  indicated  in  Fig.  1,  full-pitch  is  the  angular 
extent  of  one  pole  of  motor  10,  i.e.,  90°  mechani- 
cal  in  the  illustrated  four-pole  embodiment  and 
half-pitch  is  the  angular  extent  of  one-half  of  one 
pole,  i.e.,  45°  mechanical  in  the  illustrated  four- 

20  pole  embodiment.  It  will  be  seen  that  the  mag- 
netic  flux  crossing  air  gap  28  into  or  out  of  a 
respective  tooth  end  20  has  a  substantially  half- 
pitch  span. 

It  will  be  seen  that  main  winding  coils  34  and 
25  auxiliary  winding  coils  38  can  conveniently  be 

wound  directly  on  the  respective  stator  teeth  16 
with  a  conventional  in-slot,  gun-type  winder.  One 
way  to  accomplish  the  winding  of  coils  34,  38 
directly  on  the  respective  teeth  1  6  is  with  a  winder 

30  having  eight  guns  which  simultaneously  wind  all 
of  the  coils  34,  38.  This,  however,  requires  an 
intercoil  connection  between  each  coil  of  each 
winding.  Alternatively,  a  single  gun  winding 
machine  may  be  employed  with  the  stator  inde- 

35  xed  by  two  teeth  after  winding  each  coil.  In  this 
way,  main  winding  coils  34  can  be  wound  con- 
secutively  without  cutting  the  wire  extending 
between  each  coil  following  which  auxiliary  coils 
38  can  be  wound  consecutively  again  without 

40  cutting  the  wire  connecting  each  coil.  In  this  case, 
the  inter-coil  connections  between  main  winding 
coils  34  can  be  disposed  on  one  side  of  stator  core 
member  12  and  the  inter-coil  connections 
between  auxiliary  coils  38  disposed  on  the  other 

45  side,  thus  leaving  only  the  starting  and  finishing 
end  of  each  phase. 

Referring  specifically  to  Fig.  2  and  3,  in  which 
gun-wound  coils  34,  38  are  shown  on  adjacent 
stator  teeth  16,  it  will  be  seen  that  the  mean 

so  length  of  winding  turn  in  each  coil  is  the  shortest 
possible  and  that  sides  40,  42  of  adjacent  coils  34, 
38  which  occupy  a  common  slot  18  are  spaced 
from  each  other  for  good  air-insulation  and  venti- 
lation. 

55  A  balanced,  half-pitch,  four  pole  capacitor 
motor  in  accordance  with  the  invention  delivered 
2.1  watts  output  with  5.1  watts  input  for  an 

'  efficiency  of  more  than  41%. 
While  coils  34  of  the  main  field  winding  and 

60  coils  38  of  the  auxiliary  field  winding  have  been 
shown  as  being  series  connected,  it  will  be  under- 
stood  that  the  coils  of  either  or  both  windings  can 
be  connected  in  parallel,  if  desired. 

Referring  now  to  Fig.  4,  there  is  shown  a  typical 
55  speed-torque  curve  for  the  balanced  half-pitch 

4 
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capacitor  motor  of  the  invention  described  above 
shown  by  the  solid  line  curve  44  but  with  the  rotor 
bars  spiraled  insufficiently  to  eliminate  the  fifth 
harmonic  speed-torque  dip,  the  speed-torque 
characteristic  of  the  fan  operated  by  the  motor 
being  shown  by  the  dashed  line  curve  46.  With  the 
value  of  capacitor  40  and  the  number  of  turns  and 
wire  size  of  auxiliary  winding  38  chosen  so  that  the 
main  and  auxiliary  windings  have  nearly  balanced 
Yolts  per  turn  conditions  and  are  in  time  quadra- 
ture  at  the  rated  operating  speed  of  the  motor,  i.e., 
about  1,500  rpm  in  the  case  of  the  motor  of  Fig.  4, 
the  third  harmonic  dip  appears  in  the  backward 
speed-torque  curve,  and  the  torque  requirement  of 
the  fan  at  the  speed  of  the  fifth  harmonic  dip,  as 
indicated  at  48,  is  still  less  than  the  motor  torque 
available,  thus  permitting  the  motor  to  accelerate 
to  rated  speed  without  hanging-up  at  the  speed  of 
the  fifth  harmonic.  The  speed-torque  curve  shown 
in  Fig.  4  is  taken  from  an  actual  test  curve  and  it  will 
be  seen  that  no  backward  seventh  and  forward 
ninth  harmonics  appear. 

Referring  to  Fig.  5  as  explained  above,  slots  30  of 
squirrel  cage  rotor  member  22  in  which  bars  32  are 
positioned,  preferably  by  die  casting,  may  be 
spiraled  through  two  poles  of  the  fifth  harmonic 
flux,  i.e.,  one-tenth  of  a  full  turn  or  36°  mechan- 
ically  in  order  to  eliminate  the  effect  of  the  fifth 
harmonic  flux  wave  on  the  speed  torque  curve. 
Squirrel  cage  bars  32  are  connected,  by  conven- 
tional  end  rings  52.  Spiralling  a  squirrel  cage  rotor 
1.777"  in  a  diameter  by  an  amount  substantially 
equal  to  two  pole  pitches  of  the  fifth  harmonic 
amounts  to  a  peripheral  distance  of 

1.777  2 
rt  x  =.558". 

4  5 

Substantial  reduction  in  the  dip  in  the  speed- 
torque  characteristic  may  be  accomplished  with 
spiralling  slightly  less  than  two  pole  pitches  for  the 
fifth  harmonic,  a  spiral  of  33°  will  leave  about  10% 
of  the  fifth  harmonic  voltage.  The  22  slot  rotor 
shown  in  Fig.  5,  has  a  two-slot  pitch  spiral  of 
32.727°  mechanical.  As  further  discussed  above, 
spiraled  squirrel  cage  bars  are  preferably  insulated 
from  the  rotor  laminations  by  any  technique 
known  to  those  skilled  in  the  art,  especially  where 
the  bars  are  spiraled  less  than  through  two  pole 
pitches  for  the  fifth  harmonic.  The  speed-torque 
characteristic  resulting  from  the  use  of  the  spiral- 
led,  insulated  squirrel  cage  shown  in  Fig.  5  is 
shown  in  dashed  lines  at  50  in  Fig.  4. 

The  series  connected  main  field  winding  coils 
34-1,  34-3,  34-5  and  34-7  may  also  be  connected  in 
series  with  the  series-connected  auxiliary  field 
winding  coils  38-2,  38-4,  38-6  and  38-8  with 
capacitor  40  connected  in  parallel  across  either 
winding. 

It  will  now  be  seen  that  a  balanced,  half-pitch 
capacitor  induction  motor  has  been  provided 
which  provides  high  power  factor  and  highly 
efficient  operation  and  which  employs  gun-wound 
coils  with  minimum  mean  length  of  turns,  short 

end  turns  which  do  not  require  forming  or  lacing, 
and  no  interlacing  between  the  coils  of  the  two 
phases. 

5  Claims 

1.  A  single  phase,  permanent  split  capacitor 
induction  motor  including  a  stator  core  member 
(12)  having  a  plurality  of  substantially  equally 

10  angularly  spaced,  radially  inwardly  extending 
teeth  (16)  respectively  defining  winding  slots  (18) 
therebetween,  said  teeth  (16)  having  inner  ends 
(20)  defining  a  bore,  a  rotor  member  (22)  in  said 
bore  having  a  peripheral  surface  (26)  defining  air 

15  gaps  with  said  inner  end-of  said  teeth  (16)  and 
having  generally  axiaily  extending  slots  (30) 
formed  therein,  a  squirrel  cage  winding  (32)  in  said 
rotor  member  slots  (30)  extending  between  the 
ends  of  said  rotor  member  (22),  a  main  field 

20  winding  (34)  on  said  stator  core  member  (12),  said 
main  winding  (34)  forming  a  predetermined  even 
number  of  magnetic  poles,  an  auxiliary  field 
winding  (38)  on  said  stator  core  member  (12) 
mechanically  angularly  displaced  from  said  main 

25  field  winding  (34)  and  forming  the  same  number  of 
magnetic  poles,  means  for  coupling  said  windings 
for  energization  by  a  single  phase  source  of 
alternating  current  (36),  and  a  phase-displacing 
capacitor  (40)  coupled  in  circuit  with  one  of  said 

30  field  windings  (38)  thereby  providing  a  two-phase 
motor,  characterized  in  that  said  inner  ends  of  said 
teeth  (16)  have  equal  angular  extent,  that  said 
teeth  (16)  are  equal  in  number  to  twice  the  number 
of  said  poles  that  said  mean  field  winding  (34) 

35  comprises  a  plurality  of  coils  (34-1  ,  3,  5,  7)  equal  in 
numberto  the  number  of  said  poles,  that  said  main 
field  winding  coils  (34-1,  3,  5,  7)  respectively 
embrace  alternate  consecutive  ones  (16-1,  3,  5,  7) 
of  said  teeth  (16),  that  said  auxiliary  field  winding 

40  (38)  comprises  a  plurality  of  coils  (38-2,  4,  6,  8) 
equal  in  number  to  the  number  of  said  poles,  that 
said  auxiliary  field  winding  coils  (38-2,  4,  6,  8) 
respectively  embrace  consecutive  alternate  teeth 
(16-2,  4,  6,  8)  respectively  intermediate  said  first- 

45  named  alternate  teeth  (34-1,  3,  5,  7),  that  there  is 
one  coil  only  on  each  said  tooth  thereby  providing 
a  half-pitch  winding  for  said  motor  and  that  said 
main  and  auxiliary  field  windings  (34,  38)  have 
substantially  equal  ampere  turns  and  substantially 

so  equal  pitch  thereby  providing  a  balanced  two- 
phase  winding,  the  rotor  slots  and  bars  being 
spiralled  through  two  pole  pitches  of  the  fifth 
harmonic  flux. 

2.  The  motor  of  claim  1  ,  characterized  in  that  said 
55  main  field  winding  coils  (34-1,  3,  5,  7)  are  con- 

nected  in  series,  that  said  auxiliary  field  winding 
coils  (38-2,  4,  6,  8)  are  connected  in  series  and  in 
series  with  said  capacitor  (40),  and  that  said 
auxiliary  field  winding  (38-2,  4,  6,  8)  and  series 

60  capacitor  (40)  are  connected  in  parallel  across  said 
main  field  winding  (34-2,  4,  6,  8). 

3.  The  motor  of  claim  1  or  2,  characterized  in  that 
each  adjacent  pair  of  coils  (34,  38)  have  sides 
occupying  a  common  slot  (18),  the  sides  of 

65  adjacent  coils  being  spaced-apart. 
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4.  The  motor  of  anyone  of  the  claims  1  to  3 
iharacterized  in  that  the  value  of  said  capacitor 
40),  and  the  number  of  turns  and  wire  size  of  said 
auxiliary  field  winding  (38)  is  such  that  said  main 
md  auxiliary  field  windings  (34,  38)  approach  a 
balanced  volts  per  turn  condition  and  are  in  time 
quadrature  at  the  normal  operating  speed  of  said 
motor. 

5.  The  motor  of  claim  1,  characterized  in  that 
>aid  main  field  winding  coils  (34)  are  connected  in 
series,  said  auxiliary  field  winding  coils  (38)  are 
connected  in  series,  said  main  and  auxiliary  field 
windings  (34,  38)  are  connected  in  series,  and  said 
capacitor  (40)  is  connected  in  parallel  across  one 
c-f  said  windings  (34,  38). 

6.  The  motor  of  claim  1,  characterized  in  that 
said  rotor  member  (22)  is  laminated,  and  that 
Tieans  are  provided  for  insulating  said  bars  from 
said  rotor  member  laminations. 

7.  The  motor  of  claims  1  or  6,  characterized  by  a 
twin  squirrel  cage  winding. 

Patentanspriiche 

1.  Einphasen-Kondensator-lnduktionsmotor  mit 
einem  Standerbleckpaket  (12),  das  mehrere  sich 
radial  einwarts  erstreckende  und  im  wesentlichen 
gleichen  Winkelabstand  aufweisende  Zahne  (16) 
hat,  die  Wicklungsnuten  (18)  zwischen  sich  bil- 
den,  wobei  die  Zahne  (16)  innere  Enden  (20) 
haben,  die  eine  Bohrung  bilden,  mit  einem  Laufer 
(22)  in  der  Bohrung,  der  eine  Umfangsoberfiache 
(26)  hat,  die  mit  dem  inneren  Ende  der  Zahne  (16) 
Luftspalte  bildet,  und  in  dem  sich  insgesamt  axial 
erstreckende  Nuten  (30)  gebildet  sind,  mit  einer 
Kafigwicklung  (32)  in  den  Laufernuten  (30), 
welche  sich  zwischen  den  Enden  des  Laufers  (22) 
erstreckt,  mit  einer  Hauptfeldwicklung  (34)  auf 
dem  Standerbleckpaket  (12),  wobei  die  Haupt- 
wicklung  (34)  eine  vorbestimmte  gerade  Anzahl 
von  Magnetpolen  bildet,  mit  einer  Hilfsfeldwick- 
lung  (38)  auf  dem  Standerbleckpaket  (12),  welche 
gegeniiber  der  Hauptfeldwicklung  (34)  mecha- 
nisch  winkelversetzt  ist  und  dieselbe  Anzahl  von 
Magnetpolen  bildet,  mit  einer  Einrichtung  zum 
AnschlieSen  der  Wicklungen  zur  Erregung  durch 
eine  Einphasenwechselstromquelle  (36)  und  mit 
einem  Phasenverschiebungskondensator  (40), 
der  mit  einer  der  Feldwicklungen  (38)  verbunden 
ist  und  dadurch  einen  Zweiphasenmotor  schafft, 
dadurch  gekennzeichnet,  daB  die  inneren  Enden 
der  Zahne  (16)  die  gleiche  Winkelausdehnung 
haben,  dalS  die  Anzahl  der  Zahne  (16)  gleich  dem 
Doppelten  der  Anzahl  der  Pole  ist,  daft  die  Haupt- 
feldwicklung  (34)  mehrere  Spulen  (34-1,  3,  5,  7) 
aufweist,  deren  Anzahl  gleich  der  Anzahl  der  Pole 
ist,  dalS  die  Hauptfeldwicklungsspulen  (34-1,  3,  5, 
7)  abwechselnde  aufeinanderfolgende  (16-1,  3,  5, 
7)  Zahne  (16)  umschliefien,  daft  die  Hilfsfeldwick- 
lung  (38)  mehrere  Spulen  (38,2-,  4,  6,  8)  aufweist, 
deren  Anzahl  gleich  der  Anzahl  der  Pole  ist,  daft 
die  Hauptfeldwicklungen  (38-2,  4,  6,  8)  aufeinan- 
derfolgende  abwechselnde  Zahne  (16-2,  4,  6,  8) 
zwischen  den  erstgenannten  abweckselnden  Zah- 
nen  (34-1,  3,  5,  7)  umschlieften,  daft  nur  einen 

Spule  auf  jedem  Zahn  vorgesehen  ist,  woourcn 
eine  Halbschrittwicklung  fur  den  Motor  vorhan- 
den  ist,  und  daft  die  Haupt-  und  die  Hilfswicklung 
(34,  38)  im  wesentlichen  gleiche  Amperewindun- 

5  gen  und  im  wesentlichen  den  gleichen  Wickel- 
schritt  haben  und  dadurch  eine  symmetrische 
Zweiphasenwicklung  schaffen,  wobei  die  Laufer- 
nuten  und  -stabe  sich  wendelformig  iiber  zwei 
Polteilungen  des  Flusses  der  fijnften  Harmoni- 

io  schen  erstrecken. 
2.  Motor  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dalS  die  Hauptfeldwicklungsspulen  (34- 
1,  3,  5,  7)  in  Reihe  geschaltet  sind,  daft  die 
Hilfsfeldwicklungsspulen  (38-2,  4,  6,  8)  in  Reihe 

15  und  mit  dem  Kondensator  (40)  in  Reihe  geschaltet 
sind  und  daft  die  Hilfsfeldwicklung  (38-2,  4,  6,  8) 
und  der  Reihenkondensator  (40)  parallel  an  die 
Hauptfeldwicklung  (34-2,  4,  6,  8)  angeschlossen 
sind. 

20  3.  Motor  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daft  jedes  benachbarte  Spulen- 
paar  (34,  38)  Seiten  hat,  die  eine  gemeinsame  Nut 
(18)  einnehmen,  wobei  die  Seiten  von  benachbar- 
ten  Spulen  gegenseitigen  Abstand  haben. 

25  4.  Motor  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet,  daft  der  Wert  des  Kon- 
densators  (40)  und  die  Windungszahl  sowie  die 
DrahtgroBe  der  Hilfsfeldwicklung  (38)  so  sind, 
daft  die  Haupt-  und  die  Hilfsfeldwicklung  (34,  38) 

30  sich  einem  symmetrischen  Volt/Wicklung- 
Zustand  nahren  und  bei  der  normalen  Betriebs- 
drehzahl  des  Motors  zeitlich  um  90°  verschoben 
sind. 

5.  Motor  nach  Anspruch  1,  dadurch  gekenn- 
35  zeichnet,  daft  die  Hauptfeldwicklungsspulen  (34) 

in  Reihe  geschaltet  sind,  daft  die  Hilfsfeldwick- 
lungsspulen  (38)  in  Reihe  geschaltet  sind,  daft  die 
Haupt-  und  die  Hilfsfeldwicklung  (34,  38)  in  Reihe 
geschaltet  sind  und  daft  der  Kondensator  (40) 

40  parallel  an  eine  der  Wicklungen  (34,  38)  ange- 
schlossen  ist. 

6.  Motor  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  der  Laufer  (22)  geblecht  ist  und  daft 
Einrichtungen  vorgesehen  sind  zum  Isolieren  der 

45  Lauferstabe  von  den  Lauferblechen. 
7.  Motor  nach  Anspruch  1  oder  6,  gekennzeich- 

net  durch  eine  Doppelkafigwicklung. 

Revendications 
50 

1.  Moteur  a  induction  monophase  et  a  conden- 
sateur  permanent  fractionne,  comprenant  un 
noyau  de  stator  (12)  muni  de  plusieurs  dents  (16) 
reparties  en  cercle  a  des  intervalles  angulaires 

55  sensiblement  egaux  et  orientees  radialement  vers 
I'interieur,  de  maniere  a  former  entre  elles  des 
encoches  respectives  (18)  pour  le  bobinage,  ces 
dents  (16)  formant  avec  leurs  extremites  internes 
(20)  un  alesage,  un  rotor  (22)  loge  dans  cet 

60  alesage  et  dont  la  surface  peripherique  (26) 
menage  par  rapport  aux  extremites  internes  (20) 
des  dents  (16)  des  entrefers,  ce  rotor  etant  muni 
de  fentes  radiales  (30)  qui  s'etendent  en  subs- 
tance  dans  le  sens  axial,  un  bobinage  en  cage 

65  d'ecureuil  (32)  forme  dans  les  fentes  (30)  du  rotor 

6 



0  067  1 1 4  12 n  o  U b /  

|22)  entre  les  extremites  de  ce  rotor  (22),  un 
anroulement  de  champ  principal  (34)  forme  sur  le 
noyau  du  stator  (12),  de  maniere  a  former  un 
nombre  paire  predetermine  de  poles  magneti- 
ques,  un  enroulement  de  champ  auxiliaire  (38)  sur  5 
edit  stator  (12),  decale  angulairement  et  mecani- 
c;uement  par  rapport  a  I'enroulement  de  champ 
principal  (34)  etformant  le  meme  nombre  de  poles 
magnetiques,  un  moyen  pour  connecter  ces 
anroulements  aux  fins  d'excitation  a  partir  d'une  10 
source  de  courant  alternatif  monophase  (36),  et  un 
condensateur  (40)  de  dephasage  relie  en  circuit 
avec  I'un  des  enroulements  de  champ  (38)  de 
facon  a  realiser  un  moteur  biphase,  caracterise  en 
ce  que  lesdites  extremites  internes  des  dents  (16)  15 
□nt  la  meme  amplitude  angulaire,  le  nombre  de 
ces  dents  (16)  etant  egal  au  double  du  nombre  des 
poles  precites,  que  ledit  enroulement  de  champ 
principal  (34)  comprend  plusieurs  bobines  (34-1, 
-3,  -5,  -7)  dont  le  nombre  est  egal  a  celui  desdits  20 
poles,  que  lesdites  plusieurs  bobines  (34-1,  -3,  -5, 
-7)  de  I'enroulement  de  champ  principal  (34) 
entourent  respectivement  et  successivement  une 
sur  deux  (16-1,  -3,  -5,  -7)  des  dents  precitees  (16), 
que  ledit  enroulement  de  champ  auxiliaire  (38)  se  25 
compose  de  plusieurs  bobines  (38-2,  -4,  -6,  -8)  dont 
le  nombre  est  egal  a  celui  desdits  poles,  que  ces 
bobines  d'enroulement  de  champ  auxiliaire  (38-2, 
-4,  -6,  -8)  entourent  respectivement  et  successive- 
ment  u  ne  su  r  deux  des  dents  restantes  (  1  6-2,  -4,  -6,  30 
-8)  qui  alternent  avec  les  precedentes  (16-1,  -3,  -5, 
-7),  qu'il  a  qu'une  seule  bobine  sur  chacune 
desdites  dents,  ce  que  confere  au  moteur  la 
caracteristique  d'un  enroulement  pas-a-pas,  et 
que  les  enroulements  principaux  et  auxiliaires  (34,  35 
38)  ont  sensiblement  le  meme  nombre  d'ampere/ 
spire  et  sensiblement  le  meme  pas,  ce  qui  donne 
un  bobinage  biphase  equilibre,  les  fentes  et  les 
barres  du  rotor  etant  helicoi'dales  sur  deux  pas 
polaires  du  cinquieme  flux  harmonique.  40 

2.  Moteur  selon  la  Revendication  1,  caracterise 
an  ce  que  les  bobines  (34-1  ,  -3,  -5,  -7)  de  I'enroule- 
ment  de  champ  principal  sont  reliees  entre  elles  en 
serie,  que  les  bobines  (38-2,  -4,  -6,  -8)  de  I'enroule- 
ment  de  champ  auxiliaire  sont  reliees  en  serie 
antre  elles  et  avec  ledit  condensateur  (40),  et  que 
les  bobines  (38-2,  -4,  -6,  -8)  de  I'enroulement  de 
champ  auxiliaire  et  le  condensateur  en  serie  (40) 
sont  relies  en  parallele  aux  bobines  (24-1,-3,  -5,  -7) 
de  I'enroulement  de  champ  principal. 

3.  Moteur  selon  I'une  ou  I'aure  des  Revendica- 
tions  1  ou  2,  caracterise  en  ce  que  chaque  paire  de 
bobines  adjacentes  (34,  38)  a  dest  cotes  qui 
occupent  une  encoche  commune  (18),  les  cotes 
des  bobines  adjacentes  etant  espaces  entre  eux. 

4.  Moteur  selon  I'une  quelconque  des  Revendi- 
cations  1  a  3,  caracterise  en  ce  que  la  valeur  du 
condensateur  (40)  et  le  nombre  de  spires  et  la 
jauge  du  fil  de  I'enroulement  de  champ  auxiliaire 
(34,  38)  sont  calcules  de  fagon  que  les  enroulement 
de  champ  principal  et  auxiliaire  approchent  un 
etant  d'equilibre  de  volts  par  spire  et  atteignent  la 
quadrature  a  la  vitesse  normale  de  fonctionne- 
ment  du  moteur. 

5.  Moteur  selon  la  Revendication  1,  caracterise 
en  ce  que  les  bobines  (34)  d'enroulement  de 
champ  principal  sont  reliees  en  serie,  que  les 
bobines  (38)  d'enroulement  de  champ  auxiliaire 
sont  reliees  en  serie,  que  les  enroulements  de 
champ  principal  et  auxiliaire  (34,  38)  sont  relies  en 
serie,  et  que  le  condensateur  (40)  est  branche  en 
parallele  sur  I'un  de  ces  enroulements  (34,  38). 

6.  Moteur  selon  la  Revendication  1,  caracterise 
en  ce  que  le  rotor  est  du  type  feuillete  et  que  des 
moyens  sont  prevus  pour  isoler  les  barres  par 
rapport  aux  lamelles  qui  le  constituent. 

7.  Moteur  selon  I'une  quelconque  des  Revendi- 
cations  1  ou  6,  caracterise  par  le  fait  qu'il  comporte 
une  double  cage  d'ecureuil. 
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